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EXPERIMENTAL

Twenty-Four-Hour TANNAGES

Pickled, degreased Syrian sheepskins obtained from a garment leather
tannery were tanned with glutaraldehlyde for 24 hours under various condi-
tions as described in the preceding stiidy (1). The identical skins obtained
at the end of the 24 hours of tanning in the rate studies were used. The tanned
skins were washed briefly in running water; acidified, if necessary, with dilute
acetic acid to pH of about 5; and progessed into finished leather with regular
packs at a garment leather tannery.

For purposes of comparison, Syrian| sheepskins were also tanned with for-
maldehyde at pH values of approximately 4.8, 8.0, and 9.4 and with glyoxal
at pH 8.1 as described previously (1)] These tannages were carried out ex-
actly as was done for the glutaraldehyde except for replacing the 129, glu-
taraldehyde (259, solution) with an ¢quivalent amount of formaldehyde or
glyoxal. The leathers were finished in|the same manner as those above.

The various tannages are summarized in Table I.

Evaluation of the leather.—Chemical analyses, strength properties,
perspiration resistance, and washability tests were carried out on the finished
leathers. The test pieces were taken from the same skin location, which was
essentially equivalent to Test Area “W” described in Sampling Light Leather
for Physical Tests (2).

Perspiration resistance—Samples cut from the finished leathers were tested
for perspiration resistance by a slight modification of the procedure described
by Colin-Russ (3). Briefly, small pieces of leather were soaked about 2 hours
in a synthetic perspiration solution made up of urea, sodium lactate, di-
sodium phosphate, sodium chloride, and water. Acid or alkali was added if
necessary to bring the pH to 7.0-7.1.| The saturated pieces of leather were
held over water in a closed vessel at [70°C. for 48 hours. After air-drying,
the dimensions of the samples were measured and percentage area shrinkage
calculated. Results are summarized in Table II.

W ashability—The washing test, to determine the stability of the tannage
to the effects of hot, soapy water, was|run in a ‘“Launder-Ometer”* similarly
to the test applied to textiles (4). his machine holds pint jars containing
the soap solution and leather samples together with steel balls for mechanical
action, and tumbles them end over end in a thermostatically controlled water
bath. The data shown in Table II giye results obtained by washing 3 pieces
of leather (2’ x 214"’ each) in 200 ml. of 0.59, Ivory soap solution (pH about
10). The washing cycle was for 14 hour at 120°F. All three samples were

*Mention of brand or firm names does not constityite an endorsement by the Department of Agriculture
over others of a similar nature not mentioned. :
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washed together and given thrde wash cycles, the specimens being rinsed and
air-dried after each cycle. The shrink temperature (Ts) of the washed
samples was determined after fach cycle. The air-dried leathers after each
wash were also examined for lehther character.

Strength properties—Specimens were cut from the selected test area (W)
for determination of stitch-tear strength. The same location on each skin was
chosen, and two adjacent specimens were tested. The double-hole stitch-tear
test method (5) was used, and the data are shown in Table II.

Analyses—The leathers were ground in a Wiley mill, and standard methods
of analysis were employed. Total nitrogen was determined by the semi-
micro Kjeldahl method (6). Moisture and ash were determined by the
official ALCA methods (7). The fat content of the finished leathers was
determined after hydrolysis of the leather sample (8). The leather was hy-
drolyzed by refluxing in 4N H(C, and the hydrolyzate was extracted with
Skellysolve B. Evaporation of|the solvent gave an estimate of oil content.
This procedure gave fat values 2 to 49 higher than those obtained by chloro-
form extraction of the leather 9.

The results are summarized i Table 1.

EicuttHour TANNAGES

The 24-hour tannage was used to study the rate of reaction of glutaralde-
hyde with collagen. From a practical standpoint a shorter time is desirable.
Precautions must be taken, however, to avoid drawing the grain from too
rapid a tanning action at the beginning. This can be accomplished by adding
the glutaraldehyde in feeds or by controlling the pH. The procedures out-
lined below produced smooth-grained, well-let-out sheepskin leather in our
tests.

Feed control.—This test was conducted on 12 cabretta skins. Based on

drained pickled weight, the procedure was as follows:
Pickled skins|(6300 g.) 1009,
Water 10097,
NaCl ‘ 6%
Glutaraldehyde (259, aqueous solution) 49,
Drum 4 hour, pH 2.3

Add sodium acetate (anhyd.) 69,
Drum 1 hour,| pH 5.0, Ts 77°C.

Add glutaraldehyde 259, solution) 89,
Drum 6 hours, pH 5.0, Ts 84°C.

Wash 14 hour .

Drain



pH control—This test was| carried out with 3 cabretta skins according
to the following procedure:

Pickled skins (2115 g.) 1009,
Water at 90°F. 1009,
NaCl 69
Glutaraldehyde (259, aqueous solution) 129,
Drum 14 hour, pH 2.3

Add sodium formate (anhyd.) 49,
Drum 2 hours} pH 4.0, Ts 79°C. ‘

Add NaHCO;, 3%
Drum 114 houlrs, pH 6.6

Add NaHCO;, 0.59.
Drum 2 hours{ pH 7, Ts 82°C.

Add formic acid (909, solution) 1.759,

Drum 14 hour} pH 4.4
Wash 14 hour, Ts 83°C.

DISCUSSION

The preceding paper (1) presented data showing that glutaraldehyde was
an unusual aldehyde with regard to its tanning properties. The present study
shows that the leather also exhibits some unusual properties in comparison
to conventional aldehyde leathers such as formaldehyde and glyoxal. The
data discussed below were obtained for 24-hour tannages with the laboratory
drum turning intermittently overnight.

No difficulty with the glutaraldehyde leather was experienced in the fat-
liquoring and other usual posttanning operations given the regular chrome
garment leather. Soft, mellow [leather of a pleasing character was obtained
from every test which covered the pH range from about 2.5 to 10, and with
concentrations of glutaraldehyde (1009, basis) as low as 1.59,. Consumption
of aldehyde (Table I) becomesg practically quantitative in the pH region
above 6.

The shrinkage temperature of|these aldehyde leathers was lowered slightly
by the conventional posttanning operations given chrome garment leather.
However, the shrinkage temperature of the glutaraldehyde-tanned leathers
was as high as, or higher than, [those leathers tanned with formaldehyde or
glyoxal under comparable conditions. As judged by the tanner, glutaralde-
hyde produced leather far superior in appearance and feel to that from form-
aldehyde or glyoxal.

It was hoped that analysis of [the leather would enable calculation of fixed
aldehyde from the balance remlaining over and above the hide substance,
fat, and ash. Unfortunately the finishing operation, such as syntan bleach
used on the regular leather, apparently contributed added fixed substances,
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FIGURE 1.—Photograph of tes
sheepskin leathers

ever, the data indicate reasonably satisfactory strength properties.
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The bar graph (Fig. 2) shows at a glance the influence of various tanning
factors on the perspiration fesistance of glutaraldehyde-tanned sheepskins.

The resistance of the glutdraldehyde tannage to hot soap solution also was
determined in order to evalyate the tannage from a washability standpoint.
In this instance the change in shrinkage temperature of the leather was used
as a criterion of stability. After the test, the specimens were examined for
leather characteristics. The| results in comparison with formaldehyde were
not so marked as in the cas¢ of the perspiration test. The data (Table II)
indicated that glutaraldehyde leather was more resistant to “detannage”
than the corresponding formaldehyde or glyoxal leathers. Only at the highest
pH of tannage (9.5 to 10) was the shrinkage temperature of the washed
formaldehyde leather comparable to that in the case of glutaraldehyde. In
the tannages carried out at Jower pH the glutaraldehyde leathers were dis-
tinctly more resistant to lowering of the shrinkage temperature by hot soapy
water. All the washed leathers were firmer after drying than the unwashed
samples. However, a slight mechanical action readily restored the soft flexible
character to the glutaraldehyde-tanned leathers.

A 24-hour tannage is not practical for commercial drum tanning. In tests
of the glutaraldehyde tannage with small packs it was found that with the
drum at rest overnight streaks of color developed on the surface of the leather.
The rate studies in the previpus paper (1) clearly show that tanning can be
accomplished in much less than 24 hours and that overnight tannage is not
necessary. In fact under some conditions tanning with glutaraldehyde ap-
pears to be complete in one of two hours. However, if tanning is carried out
too rapidly, drawn grain is obtained. This can be avoided by proper control,
such as adding the glutaraldehyde in several feeds or by careful regulation
of the pH when the aldehyde {s added in one feed. The two procedures listed
in the Experimental section under “Eight-Hour Tannages” illustrate these
methods of control and were [found satisfactory for avoiding drawn grain in
tanning of sheepskins in the laboratory.

With regard to pH control
was critical to prevent drawn
level was added in one feed.
provided almost automatic cq

it was found that a pH of approximately 4.2
grain when all the glutaraldehyde at the 129,
Sodium formate was an excellent buffer which
ntrol just below the critical pH. One or two

hours tanning at this pH pefmitted sufficient fixation so that drawn grain
was avoided upon subsequent elevation of pH. A shrink. test in the early
stages of tanning was helpful in determining suitable tanning procedures.
Drawn grain was avoided if the tanning was carried out under conditions such
that the Ts reached the neighborhood of 70° to 75°C. in the first hour or two.

These observations were made on small packs of sheepskins tanned under
laboratory conditions. Some adjustments may be necessary to arrive at
optimum conditions with other raw stock and in full pack tests. The rapid




tanning action of glutaraldehyde is a property that may be of interest in
producing textured grain leather.

Completion of the tannage within eight hours, including removal of unused
glutaraldehyde by washing, campletely eliminated the problem of streaked
leather. The leathers tanned in eight hours showed substantially the same
properties as those tanned for 24 hours. '

Because of its ability to tan over a wide pH range, glutaraldehyde was
found to be compatible in combination tannages with other conventional
tanning agents, with an enhancement of leather properties.
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or less aggregated at the concentrations employed, and the aggregated por-
tion returns to the monomeric form| gradually after dilution in the tanning
drum. The question of whether the monomeric forms differ in their rate of
tanning is theoretical but may one day be answered by a properly designed
laboratory experiment.

It was rather unexpected for me to see that the shrinkage maxima for all
three aldehydes were lower than in some experiments I conducted on cowhide
side leather. The difference was lowest with glutaraldehyde and somewhat
higher with formaldehyde. We know from the literature that we can reach
90° or 91°C. with formaldehyde and that we can also reach 89° or 90°C.
with glyoxal under proper conditions. That is why I think that the launder-
ing and perspiration tests with thos¢ two aldehydes are not as conclusive as
they are with glutaraldehyde. It may be possible to get about the same
results, but I have no data to prove [that.

I also want to mention that in some experiments I conducted, I got a
brown color on the outside of the glutaraldehyde, but the inside was light—
very light, almost white.

Dr. PeTER R. BuecHLER (Rohm & Haas Co.): I was very much interested
in the observation that this leather is more resistant to perspiration, because
one of the difficulties with formaldehyde-tanned leather, as commercially
made, is the difficulty in drying out that leather without getting shrinkage.
I wonder if you have any comparative data to indicate whether or not glu-
taraldehyde-tanned leather will give a better area yield on drying after tan-
nage.

Dr. FiLacHioNE: You mean a befter area yield than formaldehyde-tanned
skin?

Dr. BUECHLER: Yes.

Dr. FiLacuione: No, we have nd data along that line.

Incidentally, in connection with Dr. Seligsberger’s comments, I think he is
absolutely right that you could expect a shrink temperature of around 90°C.
for formaldehyde leather. However, the sheepskins that we used had a shrink
temperature in the untanned state of around 50°C., which is about 10°
lower than that usually observed for cowhide. For this reason the Ts would
not be elevated as high in the case of these sheepskins as it would with other
stock, such as cowhide.

In our tests with sheepskins the color of the tanned skin was fairly uniform
throughout the thickness. As the pH of tanning was increased we got more
color developed in the leather, but it was more or less distributed throughout
the thickness.



One of these leather jickets that I have here is finished in the natural color
ahd you will see it 1s# light, cream-colored leather.

“Dr. SoMerRVILLE: How does|this tannage behave as regards coloring dye-
stuffs and fatliquoring?

Dr. FiLacuioNE: We don’t have too much data on its behavior to dyestuffs.
One of these jackets is in charcoal gray. The leather accepted this color very
well. In another case we have seen a piece of chrome-tanned leather and one
of glutaraldehyde-tanned leather which were colored together with a red
dye. The glutaraldehyde leather was considerably brighter in color than the
chrome leather. In fact, the chrome-tanned leather looked orange-colored
compared to the bright red color of the glutaraldehyde specimen.

With regard to fatliquoring, [they. were given the regular fatliquor that is
given to the chrome-tanned leather. The tanner reported no difficulty; in
fact he thought the fatliquor was very uniformly distributed in the leather.

Mgs. Jean Tancous (University of Cincinnati): Would it be considered.
a washable leather?

Dr. FiLacuionEe: I should emphasize that we have only preliminary data.
We think they indicate the comparative stability of the tannage to washing.
We have put regular chrome-tanned garment leather through the same wash
test, and the shrinkage temperature went down considerably more than did
the glutaraldehyde-tanned leather. Even though the chrome-tanned leather
was initially at a higher shrinkage temperature than the glutaraldehyde
leather, after the third wash its|shrinkage temperature was below that of the
glutaraldehyde.

Ricuarp N. Jones (A. C. Lawrence Leather Co.): Which one of the four
A.AT.C.C. tests was used? Specifically, what temperature and soap con-
centration? :

Dr. FriacuioNe: We used the test corresponding to A.A.T.C.C. Method
No. 2. The specimens were washed in a 0.59, soap solution at 120°F. for
14 hour.




